three other plates were frozen at -20 C and used to determine the DNA content using the method of Labarca and Paigen (12). Oil red 0 accumulation was corrected for differences in DNA content and expressed as relative absorbance, taking the control conditions (treated with ethanol) as 1.
Analysis and quantitation of cellular lipids
To study the nature of the lipids affected by androgens, LNCaP cells were plated in six 150-mm dishes at a density of 3 X lo6 cells/dish and cultured for 3 days in medium containing 5% serum. Medium was changed to RPM1 1640 with 5% CT-FCS, and three dishes were treated with 10-s M R1881. Four days later, the cells were washed with PBS and collected by trypsinization. Cells were resuspended in 0.8 ml PBS. Twenty microliters of this suspension were removed for determination of DNA content. The remaining suspension was mixed with 3 ml methanol-chloroform (2:1, vol/ vol) in glass tubes with Teflon-lined caps. Cell debris was removed by centrifugation and reextracted after resuspension in 0.8 ml water. Organic extracts were combined, phase separated, and washed, as previously described (13 (Fig. 1) . Accumulation of lipid droplets was heterogeneous, with some cells staining more intensely than others. In the presence of androgens, not only was the percentage of Oil red O-positive cells increased, but the number of lipid droplets per cell was also dramatically higher than that in control cells. These effects were accompanied by a major change in the morphology of the cells. Cells exposed to R1881 were overall bigger in size and round in appearance (Fig. 1) (Fig. 2) . At a concentration of 10-l" M, the concentration that optimally stimulates proliferation of the cells (17), R1881 induced a 3-to 4-fold increase. Higher concentrations of R1881 further increased the accumulation of lipids, with a maximal stimulation of 7-to 15-fold at lop8 M, a concentration that maximally stimulates differentiated function such as the secretion of prostate-specific antigen (17). At these concentrations, lipid accumulation became apparent 2 days after the addition of the hormone and reached a maximum 1 day later (Fig. 3) . Accumulation of Oil red 0 was also induced by mibolerone, another synthetic androgen, and by the natural androgens testosterone and 5ol-dihydrotestosterone (Fig. 4) . Cells exposed to progesterone or estradiol also displayed increased Oil red 0 staining. Cortisol and dexamethasone were without effect. The observed steroid specificity is typical for androgen-regulated functions in LNCaP cells and is explained by the mutation in the androgen receptor in these cells, resulting in increased affinity of the androgen receptor for progestins and estrogens (18). The involvement of the androgen receptor is further evidenced by inhibition of the effects of R1881 by the androgen antagonist Casodex. In analogy with the inhibition of R1881-stimulated cell proliferation (Esquenet, M., unpublished observations), lop5 M Casodex was used to efficiently block the effects of lo-" M R1881 (Fig. 5) . At these concentrations, Casodex reduced R1881-stimulated lipid accumulation to levels similar to those with Casodex treatment alone. NO Oil red 0 staining was observed in the androgen receptor-neg- 
Identification and quantification of lipids affected by androgens
To investigate the nature of the lipids affected by androgens, lipid extracts from LNCaP cells grown in the presence or absence of lo-' M R1881 during 4 days were analyzed by TLC. In agreement with our results obtained by staining with Oil red 0, marked changes were observed in the amount of neutral glycerolipids and cholesterol esters (Fig. 6 ). The contents of phospholipids and cholesterol were barely changed. To quantify the effects of androgens, the cellular levels of specific lipids were determined.
As Table 1 illustrates, the contents of triglycerides and cholesterol esters expressed per PLg DNA were increased 33-and l-/-fold, respectively, after exposure to R1881. Also, monoand diglyceride levels tended to be elevated, but exact quantitation was not possible because the levels in untreated controls were near the limit of detection. In agreement with the observed change in morphology of the cells, androgens also caused a slight (2-fold) stimulation of phospholipid content. 
Effects of androgens on de nova synthesis of lipids in LNCaP cells
To explore the possibility that the increased accumulation of triacylglycerol and cholesterol esters was due to androgeninduced than es in the de ~ODO synthesis, LNCaP cells exposed to 10 3 M R1881 for 2 days were incubated with [2-14C]acetate for 24 h. Lipid extracts were prepared, and incorporation of labeled acetate was measured by scintillation counting. As Table 2 shows, overall [2-14C]acetate uptake and incorporation into lipids were increased 2-fold after androgen treatment. Specific incorporation into various classes of lipids was determined by scintillation counting of lipid spots separated by TLC. R1881 treatment induced an ll-and a 13-fold stimulation of r4C incorporation in triglycerides and cholesterol esters, respectively (Table 2) . Effects on phospholipids were only moderate (1.8-fold). labeled acetate suggest that these effects are at least in part related to androgen-induced increases in lipid synthesis.
Several lines of evidence indicate that the observed effects of androgens are mediated by the androgen receptor. 1) Accumulation of lipid droplets, as observed microscopically after staining with Oil red 0 and as measured quantitatively after extraction of Oil red 0, was noticed after treatment of the cells with synthetic agonists (R1881 and mibolerone) as well as with natural androgens (testosterone and dihydrotestosterone).
2) The observed steroid specificity reflected the specificity of the mutated androgen receptor in LNCaP cells.
3) The effects of androgens could be neutralized by the antiandrogen Casodex. 4) No androgen-induced effects on lipid accumulation were observed in the androgen receptor-negative prostate cell lines PC-3 and DU-145. Taken together, the finding that androgens markedly stimulate the production and accumulation of lipids in LNCaP cells uncovers a novel and interesting aspect of the androgen regulation of these cells and provides a sensitive parameter of androgen action that can be followed using fast, inexpensive, and simple methods.
